Background. Methadone clinic-based directly observed antiretroviral therapy (DOT) has been shown to be more efficacious for improving adherence and suppressing human immunodeficiency virus (HIV) load than antiretroviral self-administration. We sought to determine whether the beneficial effects of DOT remain after DOT is discontinued.
Background. Methadone clinic-based directly observed antiretroviral therapy (DOT) has been shown to be more efficacious for improving adherence and suppressing human immunodeficiency virus (HIV) load than antiretroviral self-administration. We sought to determine whether the beneficial effects of DOT remain after DOT is discontinued.
Methods. We conducted a post-trial cohort study of 65 HIV-infected opioid-dependent adults who had completed a 24-week randomized controlled trial of methadone clinic-based DOT versus treatment as usual (TAU). For 12 months after DOT discontinuation, we assessed antiretroviral adherence using monthly pill counts and electronic monitors. We also assessed viral load at 3, 6, and 12 months after DOT ended. We examined differences between DOT and TAU in (1) adherence, (2) viral load, and (3) proportion of participants with viral load of ,75 copies/mL.
Results. At trial end, adherence was higher among DOT participants than among TAU participants (86% and 54%, respectively; P , .001), and more DOT participants than TAU participants had viral loads of ,75 copies/mL (71% and 44%, respectively; P 5 .03). However, after DOT ended, differences in adherence diminished by 1 month (55% for DOT vs 48% for TAU; P 5 .33) and extinguished completely by 3 months (49% for DOT vs 50% for TAU; P 5 .94). Differences in viral load between DOT and TAU disappeared by 3 months after the intervention, and the proportion of DOT participants with undetectable viral load decreased steadily after DOT was stopped until there was no difference (36% for DOT and 34% for TAU; P 5 .92).
Conclusions. Because the benefits of DOT for adherence and viral load among HIV-infected methadone patients cease after DOT is stopped, methadone-based DOT should be considered a long-term intervention.
The feasibility and acceptability of directly observed therapy (DOT) programs have been demonstrated in numerous settings [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] , and such programs are efficacious for improving adherence and viral suppression [12] [13] [14] [15] . Benefits of DOT may be especially pronounced in methadone clinic settings [16] . However, few studies examining antiretroviral DOT have included a postintervention period to evaluate the persistence of the benefits of DOT, and none have evaluated the durability of the impact of directly observed antiretrovirals delivered in methadone clinics.
Methadone maintenance clinics provide a promising infrastructure for DOT because federal regulations mandate that patients receive their daily methadone dose at one clinic, and the majority of doses are directly observed by nurses. In addition, compared with community DOT programs, many methadone clinics have the potential to provide primary medical, human immunodeficiency virus (HIV) infection, and mental healthcare, as well as substance abuse treatment and other supportive services, including case management and vocational services. In such settings, it is unknown whether finite periods of DOT lead to durable improvements in adherence and HIV load or whether DOT interventions should be continued long term to maintain optimal HIV infection outcomes.
The Support for Treatment Adherence Research through Directly Observed Therapy (STAR*DOT) study was a randomized controlled trial that demonstrated that 24 weeks of antiretroviral DOT provided on-site in methadone clinics is more efficacious than self-administered antiretroviral therapy (treatment as usual [TAU] ) for improving adherence and reducing viral load [17] . At the end of the 24-week intervention period, we continued to monitor participants in both the DOT and TAU treatment arms to determine whether the favorable effects of DOT were sustained during a 12-month postintervention follow-up period. We hypothesized that, among methadonemaintained current and former drug users, short-term DOT would result in long-term improvements in adherence and viral load.
METHODS

Setting, Design, and Participants
A detailed description of the STAR*DOT trial has been published elsewhere [18] . In brief, our intervention and all research visits were conducted on-site in a network of 12 methadone clinics administered by the Division of Substance Abuse (DoSA) at the Albert Einstein College of Medicine and Montefiore Medical Center in the Bronx, New York. The STAR*DOT trial was designed to include monthly research visits for an additional 12-month postintervention follow-up period, after participants had completed the 24-week trial. Frequency and length of research visits during the 12-month postintervention period were the same for participants in both the DOT and TAU treatment arms.
Patients were eligible for inclusion in STAR*DOT if they (1) were HIV-infected, (2) were prescribed antiretroviral therapy, (3) received HIV infection medical care at their DoSA methadone clinic or at a closely affiliated site, (4) attended their methadone clinic 5 or 6 days per week to receive methadone (hereafter, 5-or 6-day pick-up schedule), (5) received a stable dose of methadone for 2 weeks prior to the baseline study visit, and (6) were genotypically sensitive to their prescribed antiretroviral regimen. Study eligibility was not based on antiretroviral treatment experience, current drug use, or adherence. Participants were excluded if they were unable or unwilling to provide informed consent, if they were monolingual Spanish speakers, if they were already receiving antiretroviral DOT, or if their primary HIV infection care provider did not agree to their participation in the study. Changes in antiretroviral regimens were allowed during both the 24-week trial and the 12-month postintervention periods. Antiretroviral therapy was available through public insurance programs for all participants, ensuring stable access throughout the 18-month study.
Intervention and Control Conditions
Participants randomized to the DOT intervention arm received 1 dose of their antiretroviral medications at the same time that they received their daily methadone dose. Methadone clinic nurses dispensed and observed ingestion of both methadone and antiretroviral medications at the usual methadone dispensing locations. Nonobserved antiretroviral doses included evening doses for participants on twice-daily regimens, Saturday doses for participants on 5-day pick-up schedules, and Sunday doses for all participants. In these instances, participants were given enough single-dose antiretroviral pillboxes, or ''take home doses,'' to last until their next methadone clinic visit. Participants were asked to return these take-home pillboxes to the nurses at their next clinic visit, whether or not they had taken the pills.
DOT participants were informed that the study's DOT intervention was ending 1 month prior to its actual discontinuation, and were offered the option to discuss long-term DOT with their HIV infection care provider. At the time of DOT discontinuation, we gave DOT participants a 30-day supply of their antiretroviral medications. During the postintervention period, participants who had been in the DOT arm self-administered their antiretroviral medications. Participants in the TAU control group received antiretroviral prescriptions from their regular HIV infection care provider, and self-administered their antiretroviral medication both during and after the 24-week intervention.
Adherence counseling was available to participants in both treatment arms (DOT and TAU) during both the 24-week trial and the postintervention periods. The structure and content of our adherence counseling program have been described elsewhere [19] . All study participants were also able to receive adherence counseling at the conclusion of the 18-month study and continued to receive on-site integrated comprehensive HIV infection medical care and substance abuse treatment throughout and after the study.
Main Outcome Measures
Adherence During the 24-week intervention period, we conducted pill counts to assess adherence in both the DOT and TAU arms. However, during the postintervention period, because all participants self-administered medications, we were also able to use Medication Event Monitoring Systems (MEMS) to monitor the backbone of the antiretroviral regimen (usually a protease inhibitor or nonnucleoside reverse transcriptase inhibitor). This allowed us to create a composite adherence measure for each participant, by computing a weighted mean average of pill count and MEMS adherence rates at each assessment point. We weighted the calculated adherence rate to account for the number of antiretroviral medications assessed with pill counts.
Our initial postintervention pill count took place at the end of the 24-week visit. At each of the subsequent 12 monthly research visits, we downloaded MEMS data and counted pills. To increase the accuracy of pill counts, interviewers documented activities that might falsely increase or decrease the pill count adherence rate, including receipt of a prescription refill, loss of any pills, or ingestion of pills from another pill source. Final pill count adherence rates for each of 5 assessment periods were derived by first computing the mean pill count adherence rate for all antiretrovirals and then computing the mean pill count adherence rate for all time points in the assessment period (eg, the month 6 pill count adherence rate represents the mean of pill count adherence rates at months 4, 5, and 6). Missing pill counts were not included in analyses. Interviewers did not perform pill counts on the medication that was being electronically monitored.
HIV Load
We collected blood samples to measure HIV load at the 3-, 6-, and 12-month postintervention assessment points. Viral load was quantified using the Versant HIV-1 bDNA 3.0 assay (Bayer, Tarrytown, NY). Virologic outcomes during the postintervention period were the same as those used during the intervention: (1) log 10 viral load and (2) proportion of participants with undetectable viral load (,75 copies/mL). We also measured CD4 1 T lymphocyte count, using the BD FACSCount system (BD Biosciences, San Jose, CA).
Statistical Analyses
We compared adherence rates between participants in the DOT and TAU arms at 4 assessment points during the 24-week intervention (weeks 4, 12, 16, and 24) and at 5 assessment points during the 12-month postintervention period (months 1, 2, 3, 6, and 12 after trial end). We also compared viral load between the DOT and TAU arms during the 24-week intervention (at baseline and at weeks 8, 16, and 24) and during the 12-month postintervention period (months 3, 6, and 12 after trial end). After the 24-week DOT intervention period, 6 participants continued receiving antiretroviral DOT at the methadone window. Of these, 4 had been randomized to DOT and 2 to TAU. As per our study design, all analyses were performed using an intent-to-treat approach, which included those participants who continued DOT after the intervention.
We fitted the repeatedly measured outcomes of composite adherence and viral load using a mixed-effects linear model. This model included an intervention effect (DOT or TAU), a time effect, and an intervention by time effect, all of which were considered fixed. Time was entered as a discreet variable, and the covariance matrix of the error term was assumed to be unstructured, to account for within-subject correlations. Subsequently, on the basis of the mixed-effects model, contrasts representing the intervention effect across the time points were constructed and tested at a 2-tailed significance level of .05. In addition, we applied v 2 tests across the time points to determine the significance of the odds of achieving viral suppression for DOT participants compared with TAU participants. Analyses were conducted using SAS software (version 9.1; SAS Institute, Cary, NC).
RESULTS
Sociodemographic and Clinical Characteristics
Trial participants were 52% male, 46% Hispanic, and 41% African American, with a mean age of 47 years. All were antiretroviral experienced, the majority were receiving protease inhibitor-based regimens, and 45% had undetectable viral load at baseline ( 
Differences in Adherence Between Groups
At trial end, the mean adherence rate among DOT participants was 30 percentage points higher than among TAU participants (86% vs 56%, respectively; P ,.001) (Figure 1 ). One month after DOT discontinuation, the difference in adherence rate decreased to 8 percentage points (55% for DOT vs 48% for TAU). Three months after DOT discontinuation, adherence rates were almost identical (49% for DOT vs 50% for TAU). Differences between adherence rates were not significant during any of the 5 postintervention assessment periods (months 1, 2, 3, 6, or 12 after trial end). This finding was supported by our mixed-effects model, which demonstrated that, during the postintervention period, the group effect (DOT vs TAU) was not significant (P 5 .70), even though adherence rates varied over time (P 5 .03). Furthermore, the group effect was nonsignificant at any assessment point throughout the 12-month postintervention period (P 5 .36 for group-by-time effect). When we repeated these analyses after stratifying by regimen type (once daily or twice daily), results were similar.
Differences in HIV Load Between Groups
At trial end, viral load was lower among DOT participants than among TAU participants (2.22 vs 2.85 log 10 copies/mL, respectively; P , .01) (Figure 2) . The difference in viral load between the 2 treatment arms was nonsignificant 3 months after DOT ended (2.6 log 10 copies/mL for DOT vs 2.9 log 10 copies/mL for TAU) and was not significant at any postintervention assessment point. In our mixed-effects model, the group effect (DOT vs TAU) was not significant (P 5 .28) and remained nonsignificant at all assessment points throughout the postintervention period (P 5 .70 for group-by-time effect).
At the end of the 24-week DOT intervention, 71% of DOT participants had undetectable viral load compared with 44% of TAU participants (P 5 .03), and the odds of viral suppression were 3-fold greater for DOT participants than for TAU participants (unadjusted odds ratio [OR unadj ], 3.14 [95% confidence interval {CI}, 1.11-5.35]) (Figure 3) . However, after DOT ended, the proportion of DOT participants with undetectable viral load decreased steadily for 12 months, until there was no difference between the DOT and TAU arms (36% for DOT and 34% for TAU; P 5 .92), and DOT participants had the same odds as TAU participants of achieving viral suppression (OR unadj , 1.06 [95% CI, 0.36-1.84]). Similar results were observed after stratifying by regimen type (once daily or twice daily).
DISCUSSION
In this sample of HIV-infected current and former drug users receiving methadone for opioid dependence, the beneficial effects of 24 weeks of DOT on antiretroviral adherence and HIV load were not sustained during a 12-month postintervention 10 001-100 000 9 (14) .100 000 1 (2) Undetectable viral load of ,75 copies/mL 30 (46)
Mean viral load, log 10 copies/mL 2.74
Median CD4 follow-up period. After DOT was discontinued, differences in adherence and viral load between those who had been randomized to participate in the DOT intervention and those who had been randomized to self-administer antiretrovirals decreased rapidly. Within a few months, differences between these 2 groups were indistinguishable. These results suggest that long-term DOT should be more widely available in methadone clinics. The few DOT trials that report adherence and viral load outcomes after DOT has ended have shown that improvements in adherence and viral load achieved during DOT wane over time [14, 20, 21] . Although these DOT programs provided additional support during the DOT intervention, this support ended when DOT ended. Unlike this model, our trial was conducted in the setting of on-site integrated comprehensive HIV infection and other medical care and substance abuse treatment. Therefore, after STAR*DOT trial participation, patients were able to receive ongoing support from healthcare providers, adherence counselors, and substance abuse and other counselors. Despite this supportive environment, we observed a rapid and marked decrease in the beneficial effects of DOT shortly after DOT discontinuation.
Although short-term DOT programs for drug users have been successfully implemented in multiple settings [9] [10] [11] [12] [13] 17] , the feasibility of long-term DOT has not been evaluated. Several issues are likely to impact the sustainability of DOT. In particular, many programs require dedicated staff (eg, outreach workers) or space (eg, a community van), which can increase program complexity and cost [1] [2] [3] [4] [5] [6] . For these reasons, feasibility and sustainability of DOT are likely to be maximized in settings with infrastructures that leverage existing staff and space and allow frequent contact, such as prisons [7] , housing facilities [8] , or methadone clinics [9] [10] [11] 17] . Due to the transiency of the populations served, methadone clinics may be Figure 1 . Differences in mean adherence rates between human immunodeficiency virus-infected participants in the directly observed therapy (DOT) group and those in the treatment as usual (TAU) group at each assessment point during both the 24-week intervention and the 12-month postintervention follow-up period. Fewer than 65 observations may be reported due to missing data. *P values for weeks 4, 8, 16 , and 24 are based on mixed-effects models that include pill count adherence data from the 24-week intervention period; P values for months 1, 2, 3, 6, and 12 are based on mixed-effects models that include composite adherence data from the 12-month postintervention period.
the most promising setting to implement long-term antiretroviral DOT. In addition, because the minimum DOT dose necessary to achieve benefit has not been established, and because prepared antiretroviral pill boxes also improve adherence [22] , long-term, flexible DOT delivered in methadone clinics may allow opioid-dependent HIV-infected persons the best chance of achieving optimal HIV infection outcomes. Because methadone patients who progress in substance abuse treatment come to clinics for observed methadone doses less frequently, antiretroviral DOT for highly stable patients could resemble methadone dosing (eg, 1 observed dose and 6 prepackaged take-home doses). Future research should evaluate DOT strategies with less frequent observation, to determine whether they remain effective as the frequency of observed doses decreases.
In settings where long-term, flexible DOT is not feasible, the ability to maintain adherence may be influenced by how patients transition from DOT to self-administration. Several models of DOT discontinuation have been proposed but, to our knowledge, none has been rigorously tested. The transition off DOT to self-administration could involve a supervised period during which the frequency of DOT is tapered and the patient's ability to self-administer medications is monitored. This period of supervision would allow patients and providers to identify and address challenges to self-administration. Adherence support during the transition might include individually tailored adherence counseling, follow-up phone calls, or assistance with organizing pills. In addition, DOT programs should be flexible enough to accommodate patients who may need or want to transition back to DOT. The option of transitioning in or out of DOT may be particularly important for methadone patients, who may progress in their substance abuse treatment and acquire new self-management skills, but then may have periods of relapse to active drug use and relative social instability, during which DOT might prevent viral rebound.
Our study has several important strengths. To our knowledge, this is the first study to examine durability of effects of antiretroviral DOT in methadone clinics. Second, our DOT protocol Figure 2 . Differences in log 10 viral load (VL) between human immunodeficiency virus-infected participants in the directly observed therapy (DOT) group and those in the treatment as usual (TAU) group at each assessment point during both the 24-week intervention and the 12-month postintervention follow-up period. Fewer than 65 observations may be reported due to missing data. *P values for weeks 4, 8, 16 , and 24 are based on mixed-effects models that include data from the 24-week intervention period; P values for months 3, 6, and 12 are based on mixed-effects models that include data from the 12-month postintervention period.
has the potential to be sustainable: existing HIV infection care providers made all clinical decisions, we did not restrict any antiretroviral dosing regimens, and we utilized existing methadone clinic space and staff. Nonetheless, limitations should be noted. We only included patients who attended a methadone clinic 5 or 6 times per week, which resulted in a population of relatively unstable current and former drug users. This may partially explain the significant prevalence of antiretroviral regimen switching and the profound waning of benefits that we observed, and may also limit generalizability to other populations. We believe that our high-need population might be ideally suited for long-term DOT. Answering the remaining questions requires follow-up of larger populations over time and inclusion of participants at varying stages of substance abuse treatment.
In conclusion, this study adds to the literature on antiretroviral DOT programs by demonstrating a lack of sustainability of the beneficial effect of DOT among methadonemaintained current and former drug users. Future DOT trials should determine the optimal dose and duration of antiretroviral DOT and evaluate strategies for both flexible DOT programs and transition to self-administration. In addition, to inform allocation of resources, research efforts should focus on identifying the most appropriate target population for long-term DOT. Figure 3 . Proportion of participants with undetectable viral load (,75 copies/mL) by study arm at each assessment point during both the 24-week intervention and the12-month postintervention follow-up period (DOT, directly observed therapy; TAU, treatment as usual). Fewer than 65 observations may be reported due to missing data. *P values for baseline and weeks 8, 16, and 24 are based on v 2 tests evaluating data from the 24-week intervention period; P values for months 3, 6, and 12 are based on v 2 tests evaluating data from the 12-month postintervention period.
Notes
Potential conflicts of interest. All authors: No reported conflicts.
